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Abstract

This paper  describes  the appr oach followed i the
design of o service robot for health core (1)) lica tions.
Under the auspices of the NA SA Technology Th ansfar
ri11.(/1(11/1, a parinershipwas established between JPL
arvd B Wi, o manufacturer of mobile robo ts, to design
and evaluate o mobile 1obo t for health car ( assistance
to th ¢ elderly and the handicappe d. The main emn-
phasis of the  first phasc of the projeci 1s on the de-
velopent on o wulti- modal operalor int erface ol its
eva lua lion by health care profession als and user s. 7 'his
paperd escribesthe architectur c of the system, the (wis-
7(1207 meethod 718 0, and sorne  prclininaryesultsof
the userevaeluaiion.

1 Imdroduction

In May 1993, the National Acronautics and Space
Administration (NASA) initiated a program of Tech
nology Cooperation Agreements (37 CA) aimed at
transfer 1 ing some 0f the technologies developed at
NASA conters to industiial parinas. In Febru ary
1996, the Jet Propulsion Laboratory (11 1) developed
a TCA with Real World Int e face, Inc. (RWI) 1o
transfersome of its1obotics technology into RWI line
of 1nobileiobots.

RWI1 is a leading manufacturer o1 mobile 1obots
arid hascexpressed a strong interestinupgrading its
product line with au articulated mechanical manipu-
lator and an advanced operator interface. J]7 ], has
along track record of R&ED in the aveas of manp
ulator contr ol aud oper ator int @ faces.  Researchars
at JI'1, havedeveloped contor schemesfordexterous
manipulators [16], mobile robots [9], and mobilenia-
nipulators [17]. Furthermore, advaniced operato 1 i
terface has beenanarca of active rescarch at J)'], {o
a decade, inparticular, for com mand ent ry and data

display, time delay compensation, high-{fidelity cali-
bration, aud perforinance monitoring, [8).

T'his paper presents a progress 1eport on the coop
cration between JP1 and RWI for the development, of
a prototype service robot for health care applications.

2 1 3ackground

Sarvice 1obotics is an arca of 1escarch and develop-
ment of increasing, impor tance because of ivs potential
scientific, cconomic, and social payofls [15]. This arca
includes robotic systems for tasks outside the indus
tria) mnanufacturing arena, such as robots for sewers
and clectrical power tunmels inspection, robots for har-
vesting, construction robots, and health care robots.
Technical chiallenges of service 1obotics are the un-
structured enviromment of the applications, system re-
Kability and serviceability, and autonomy during un-
supervised operation. These robots will perforim tasks
that are too danperous o1 demmanding, for humans, thus
becorming tools for iinproving, productivity and safety,
rather than competitors in the workplace.

Among, the many arcas of service 1obotics, health
carc for assistance to the clderly and the handicapped
is the one having the most promising potential. The
current trend towards long-termn care at homne instoad
of in hospitals and in convalescent homes, and the re
duction in medical stafl’ in all health care organiza-
tions makes the development of new, advanced tools
for medical assistance particularly timely.

This need has not gone unnoticed, and several re-
scarch projects in medical robotics are pusued by
academia and industiy. In (6], the first commercial
version of a delivery 1obot for hospital is described. 1t
consists of a sensorized platform capable of unsuper-
vised navigation in medical environmnents, equipped
with beacons and visual warkers. I 2], a prototype
of & Mobile Robotic Unit for assistance to the disabled



is described. This device consists of a mobile plat-
for m equipped with a dexter ous mai ipulator, aster co-
carnera andasonarring. The contral iS perforined by
a supa vise] ¥y systencommected w agraphicaluserin -
o1 face. Thiigsystem is currently being conver ted into
a p1 otolype suitable for testi ng iu calistic erivi ron-
ments. A concept of antomatic medical support IS de-
saribed in [14), where the robotic device is the hospital
1 oomr wscl, equipped with sensors and actuators for
recopnizing, interpreting and acting upon the needs of
the assisted person. Guiding principles for the design
of assistive robotic systems are proposed in [10] and
include thie use of motionand voice commands forthe
robot, a distributed a1 chitecture of simple and robust
(1( vices, andenoughtintelligence to tolerate ambiguity
andio oo rerate with the user .

It was noticed in [4] that the involvemnent of poten-
tialusars is one of the aritical factors for the successful
creation and utilization of a new technology. Par ticu -
lar ly for the class of devices addr essed by this paper,
1.c. 1 obotic system dor the assistance to thie eldely
and the haundicapped, the designers have little o1 no
first hand experience of real usciueeds, and there are
serious healthimplications if the product is himprop
erly designed. Jo overcome this difliculty, a method
was devised for developing an cfi(’ c.Live cooper ation be-
tween designers and users [5, 18]. The miethod consists
of including potential users in the design team, and
requiring periodic evaluation of the product by multi-
disciplinary teatns. Tasks are defined by users to suit
their needs, and then the evaluation tear works with
the syste mand the user to see i f the tasks can be
accomplished, and if not, for what 1ea sons.

In the case of robotics for health services, the
discrepancies among techuically trained developers,
health professionals and patients is large. Health care
techniologies have oflen been inappropriate forthe peo
ple for whom they ate designed. In robotics u partic
ular, Clld-users are oftenincluded after the fact,and
the engineering, aspects of the technology take prece-
dence over medical and patient acceptance aspects. I
the project described in this paper, we decided to in-
volve the user community from the very beginning, of
the desig n, to 1ecei ve feedback, to test and evaluate
the desig n, and to modify the design based 011 user
feedback.

It must also be noted that the user commmnity con-
sists of several distinet groups, cach with specific needs
and different expectat ions from the same health care
robot. For example, the health professionals would
use therobot as a tool for demanding and repeti-
tive tasks. Thie support community, consisting of rela-

Figure 1: The Health Care Robotic systemn.

tives and cog nitive iutact elderly and the handicapped,
would use the robot as an assist ant to parform generic,
mostly non-medical, tasks. Finally bed-1idden m mo
bility limited people would use the health care robot
for thelr activities of daily life (ADI).

This widerange of possible app lications and users
make the desip noof a robotic systemn for health ca re
very difficolt. To overcor ne this difticulty, we chose o
develop aset of funcitions that can be selected depend-
g (1 the specific task and user, and et theuser, via
an interactive evaluation p rocess, guide the devel op-
ment of the technology.

The device envisioned as healthcarerobot is a small
mobile platfonm equipped with a manipulator atm, a
vision systenn, and a user imerface. The mobile plat -
formwith its sensorsysterns is manufa ctured by RWI,
and the mauipulator ar i and the user interface are
desig ned and built by JP1.

In the following section, we win fir st 1eview the
overall architec ture of the health carerobot, andthen
describe the main features of the userinterface in See-
tion 4. The interactive evaluation methodology is de-
scribed in Section 5, together with some preliminary
results of the users evaluation of the syste m. We con-
clude the paperwith abiief discussion of this approach
arad wit b oour plans for fut ure research and dev clop
ment.
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Figure 2: Health Care Robot system architecture

3  System Overview

The complete prototype Of the Health Cave Robot
(MCR) systemn is shown in Figure 1, and consists of a
mobile robotic platforin manufactured by RWI, and an
$BM-compatib le personal computer (PC) serving as a
contral station, and rununing the Windows9 5 operating,
sys temn, for comnpatibility with comimercial products.
The robot 1S conts olled by ar juternal PC using the
Linux operating systerm.

The 1 obot is a B21 RW1 mobile platfor i, equipped
with a (0101 camecramounted o a pan- tilt head, and
anarray of ultras ounid, infr ared and cont act sensors
for antonou ous navigation. The robot is power ed by
foutlead-acid batter ies providing 6 hout s of operation
[13].

Twolayers of application programs control thie mo
tion and the input-output data on the robot. The
lower level 1S called the Base Server, andconsists of a
collection of device diivers supplied by RW1 perforn-
ing low-low] 1otion control and sensot data acquisi-
tion. The second layer is the Rhino package [1] (level-
oped at the University of Boun (G erma uy), and pro-
viding high-level trajectory controlandobstacle avoid-
ance capabilitics. Rhino accepts messages from other
p rogra ms and from external sources. 1 ependi ng on
the message type and on its para meters, Rhino sends
a command to the Base server which then executes it

A communication scrver handles all comnnunication
between the Rhino package and the control stat ion.
This program is necessar y 1o ensut e compatibili ty -
tween Rhino and Windows9h, since Rhino uses the
Interprocess communication system TCX [7], which is
incompatible with Windows95. The overall structure

of the software architecture is shown Figure 2.

The first phase of the project described here fo-
cussed on the developinent of a set of tools for the user
interface with the objective of enabling ecarly testing,
of the Health Care Robot by its future users. This
software is described next.

4  Yhe User Interface

The user interface for the Health Care Robot dis-
plays the data col lected by the robot and accepts d -
ferent types of user commands, Data from tire robot
include video ima ges from therobot- mounted camera,
son ars read ings, position of therobot on amap of the
environent, and voice signals. In addition, the in-
terface can display hinages from othersources, such as
arcmote physician ot a relative, connec te d via video
conferencing,

The data-entry portion of the Graphical User In-
terface is showninkFigure 3, and consists of five com -
ponents: voice interface, velocity cortrol, status indi-
cator, sonar display, arid alternate motion control.

Cur rently, the two main modes for controlling the
robot mwmotion are voice comn uands, such as Rotat e
Right and Move Forward, and joystick, selectable by
checking the Use Joystick check box.

¥or the elderly and the handicapped, keyboard and
mousemay present a diflicult problem. Voice input as
thie main co nt rol modality offers several ad vantages:
@ it is a natural means of conununication, (47) in car -
tain cases of disabilivy, it is the only channclavailable,
(i1) 1t requires no physical linkage, and (fv) it can be
readily optimized o the user’s personal needs.
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For people with reasonable manual control, a joy-
stick 1 epresents a good alterniative to voice commands.
The motion control is aided by thie video feedback from
therobot carner g which always points towar ds the di -
rection of motion. The user has a dir eet view of the
environment in front of the robot, and a good percey -
tion of the possible obstacles.

Additional methods for commanding the robot will
become more important when map registration and
self-Ic)cali~atic)r) capabilities will be avatlable. Forex -
ample, a map of the enviromnent showing, the location
of therobot will allow the userto specify the target
position with the mouse, 1 elying on the robot toau -
tonomously plan and execute the trajectory. A target
can also be specified by voice commands, such as Go
to the kit chen.

The following scctions gi ve a more detailed descr ip-
tion of the components of the user interface.

4.1 Yeedback to the User

T'he mnain source of information about the environ-
ment surrounding, the robot is the outprut of the color
cawnera installed ou the robot. We are cur rently ex-
perimenting with two methods for sending images in
real-time from the robot to the control station. The
first miethod uses the eXceed package [11] for areat -
ing an X client on the contiol station to display the
camera images. Since images are transmitted without
any compression, this method provides only sub-Tlertz
refresh rate. We are also experimenting with the Vic
video-conferencing, software [12] which uses the Intra-
H.261 comnpression schemne, « o achieves refresh rates
of up to 30 franes persecond.

A second type of environment feedback is provided
by displaying the’ robots positionon a model of the
environment. Currently this representation shows a
map of the laboratory room where this project is being,
developed. )

The robot’s sonar readings are displayed on a ?}T(\,})»
arate window as rays emanating from a circle repre-
senting the robot. Thelength of cach ray represents
the distance measured by the correspondi ng sonar.
Longer lines represent sonar readings of distant obh-
jects, whereas shiorter lines represent objects close ¢ o
therobot. Sonar readings are cur rently used by Rhino
for obstacle avoidance, and will be used in the fu-
ture for enviromnent mapping. New son ar readiugs
are sent by the robot a intervals of about one second.

Afterreceiving a voice command , the robot repeats
the cor mt nand back to the user to ¢ onfirmn the ¢ om-
miand. The message to be spoken is deternmined by
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Figure 3: Health Care Robot Graphical User Interface.

the voice inter face, which then sends a text striug, cor-
responding to the comma ud to the speech server lo-
cated on the robot. The speech server con verts the
text string into a voice fcedback to the user.

Finally, the last information provided by the user
interface is the status indicator, consisting of a text
field describing the current robot action. When the
interface is in voice control mode, thestatus indicator
shows the cormnmand p resently bei ug e xecuted. When
the interfa ce is in the joystick miode, the status indi-
cator displays joystick control.

4.2 Voice Connnands

The main cormn and mode IS the voice interface,
whose core IS a voice recognilion engine, carrying out
the interpretation of the user’s uttera nces. In this
phase of the project we are experimenting with Mi-
crosoft Voice, a cominercial speech recognition soft-
ware, This p rogran 1 listens for voice input from the
user, and tries to match it with one of the command s
defined iu the pre-stored active voice menus. If the
match is successful, the voicerecognitionenginecalls
the HCR system which activates the functions associ-
ated to the commaud.

The voice inter face recognizes the following four-
teen commands: Stop, Rotate Left, Rotat e Right, Turn
Right, Turn Left, Left, Right, Move Forward, Move
Backward, Step F oy ward, Advance ONE-TO-TEN 11te-
ters, Go 1o Sleep, Ready, and Attendion. The Rotate
Left, Rotate Right, Move Forward, and Move Back-



war d cornmands cause the robot to move indefinitely
until the Stop command is used. Tur n Right and
Turn 1 .eft turn the robot by 900 while l.eft and Right
tui nthe robot by 100. Step For ward mioves the 1 obot
forwar d hall amcter . Advance one-to-len meters in-
¢ ludes an integer number fromn one to ten, and moves
the robot that many meters forward.

The Go To Sleep, Ready, and Attention commands
allow the user to disable and enable the vease recaog-
nition systein to prevent ordi nary conversation to be
mistaken for commands.  Go To Sleep disables  the
voice recoguition. Actually, the voice recopuition is
not disabled, but it will only respond to the Ready
command when it is in sleeping state. The Ready and
Attention commands provide a two level enablement
procedure. T'wo levels are used for safety. If the Ready
commiatid is heard while the robot is in the slecping,
state, then the 1 obot listens for the Attention cor n-
mand. If the Attention command is then heard, thern,
voice 1ecognition is enabled, but the robot returns to
thesleeping state if nothing, else is hear d. This helps
preventing the voice recoguition systemn from becom-
ing, enabled accidentally during normal conversation.

4.3 .1 oystick Commands

Joysticks are common contr ol devices for motor-
ized wheel chairs, and we included this contr ol inethod
inthe 11 CRiuterface to capitalize on possible user’s
skills. The result is a wirtual wheelchair behavior,
which replaces the user’s direct view of the environ-
ment. With thennages reel back by the robot camer a.

The inter face can be switched between voice arid
joystick commandmaode by clicking a graphical but -
ton on the scr cen. The joystick has four degr ces of
fr ccdom, and we use two for contr olling, the 1 obot,
and one for setting the robot velocity. We mapped
the forwar d-backwar d motion of the joystick to the
for war d- backwar d mnotion of the robot, and the side-
t o sidemotion of the joystick to the 1 otation of the
I obot. This because the robot always 1otates in place
to face the direction of motion be for e star b moving,.
To move the 1 obot on a diagonal, fir st the joystick
i s moved sideways 10 1 otate the robot until it faces
the desh ed 1 otation, and then the joystick is pushed
for ward to initiate the motion.

The joystick is adso equipped with several buttons
atid switches, with which we planto control the pan
and tilt unit for therobot camera, and the inanipula-
tor arm.

4 .4 Mouse Commands

This cormmand mode is reser ved for parameter set-
ting, emer gency stop, and map-based position com-
mands. T'wo graphical slide-ham are included in the
user inter face to set the rotational and tr anslational
velocit ies of the 1 obot. When the inter face is in voice
m ode, the shiders can be operated with the computer
mouse.

The graphical Stop button halts all movement of
the robot, repardless of its current command mode. It
provides the control station with the sarne emer gency
stop capability pr ovided by the emergency swit chies
installed on the 1 obot.

Map-based position commands ar e initiated by po-
sitioning, the screen cur so 1in the window displayiug
the map of the environment, Thie position of the cur-
sor becomes the robot tar get. By clicking, the mouse
button the user can command the 1 obot to 1 each the
target. During motion, the robot autonomously avoids
the obstacles on its tr ajectory.

5 The Fvaluation Methodology

Theappr each taken in developing the Headth Care
Robot cmmphasizes users involvemnent fiom the carly
design phases. Relevaut infor mation about tasks rat-
ing, is available iu the liter atur ¢ [4], but there is no
clearunderstanding of thefeatures of aroboticdevice
desig ned to accomplish the selected tasks, A needs as-
sesstnent phase is then carried out in par allel to the
1 obotdesignto guide in selecting the robotic katur es,
arid iusetting the perforinance goals. This assess-
ment consists of identifying groups of potential users,
including adinini strators, medical personnel and end-
users, and in developing, and admi nistering, questicn
nah es for needs assessment and tasks definition.

The procedure used in the assessinent follows an
Inter active Evaluation Model [5], and consists of the
sitnultaneous investigation of both machine and hu-
man performance  within a definedenvironment. T'he
illterac.Live nature of thisprocedurchelpsindetermin-
ing, desirable and feasible character istics of the comn -
plete human-robot system. The evaluation is carried
out while pursuing, specific tasks, and it will identify
the effective performance of the system, develop ap-
proptiate training pro tocols, assess the user S new ca-
pabilitics, and p rovide feedback to the designers.

The first phase of the evaluation consisted in de-
veloping @ presentation on health care 1 obotics, and
adiniy dstering a question main ¢ to the personnel of a
long, term care nursing, and rehabilitation facility in




Southern California [3]. ‘he participants to the sur -
vey included the Directors of Rehabilitation, 1 *hysical
Therapy and Speech Pathology, mur ses and aides, for
a total of 25 people, of which 16 were female and 9
male. The presentation consisted of dlides and videos
of past arid presenit applications of robots in health
care, and in giving, a demonstration Of the HCR sys-
tem. The questionnaire addiessed the participants’
perception of robots, their attitude towards accepting
robots in the facility, and their perception of useful
robotic tasks intheir facility.

The questionnaire included statements such as:
robots eve tem complicated for me to understand, and a
robotl would be useful in my job. The participants wer ¢
asked to rank the'ir agreement to the statermnentson a
scale 1 to 6, andtoselect adjectives out of aprepared
list, which would best describe their feclings about
robots. The task definition of the questionnai e asked
the par ticipants to identify 1 elevant tasks for aone-
ar med robot, and to prioritize the tasks using a scale
of 1 through6. A preliminary evaluation of there-
sponises to the questionnah e indicates that the top two
1ated tasks ar € specific Lo patients car ¢, such as pour-
ing liquids, assistance with feeding, andretrieval tasks.
Task more relevant to stafl activities wer e ranked 3
through 6, including, folding linens, trausporting meal
trays, and assisting, in patient secur ity.

6 Conclusions

This paper presents a pr O8I ess repor t on ourcur -
rentwor k 011 mobile 1 obots for the assista nee to the
elderly arid the handicapped. We cornbined a mobiie
robotic platforin with a personal computer, and de-
veloped a low-cost contr ol station for oper ating the
robot. The control station is capable of interpreting,
voice., joystick, and ouse commands, and displays
real-time images from the robot camera, a schematic
wap Of the environmnent, and the reading of the robot
ultr asonic sensors.

The proposed systern responds to the needs of the
health care community for alow-cost robotic ad which
couldper formy simple home assistance functions, and
selected tasks inmedical facilities. We are currently in
the process of evaluating the utility of the systew and
the accessibility of the coutr 0] station with potential
users Of the robot, including, administrators, inedical
personnel, and patients.

Inthe future, we plan to add more powerful input-
output capabilitics to the userinter face, and to equip
the nobile robot with an articulated manipulator, cur -

1 ently under development, for executing, simple fetch-
and-carry tasks.
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